NALOXONE DOES NOT INFLUENCE BREATHING DURING ISOFLURANE ANAESTHESIA G. B. DRUMMOND AND D. T. BROWN
Although naloxone does not influence breathing in normal conscious man (Fleetham et al., 1980) , it does influence ventilation in patients with chronic obstructive lung disease (Santiago et al., 1981) or with ventilatory failure (Ayres et al., 1982) , and once ventilation has been depressed with diazepam (Jordan, Lehane and Jones, 1980) . These effects are attributed to the reversal of the action of endogenous opioids. These substances, or their receptors, have been implicated in the mechanisms of anaesthesia and analgesia: for instance, naloxone influences the analgesic effect of nitrous oxide (Yang, Clark and Ngai, 1980) , and increases circulatory and ventilatory output in anaesthetized animals (Arndt and Frey, 1979; Lawson, Waldrop and Eldridge, 1979) .
This study was designed to investigate and compare the influence of naloxone on ventilation in patients anaesthetized with isoflurane in oxygen, or in 67 % nitrous oxide in oxygen. In the latter group, opioid receptors may be activated. Since opioid drugs have a strong influence on the timing of the ventilatory cycle during anaesthesia (Drummond, 1984) particular attention was paid to this feature. Airway occlusion pressure was measured as a more direct index of ventilatory output.
PATIENTS AND METHODS
The study was approved by the local ethics committee and patients gave their informed consent. Otherwise healthy patients were studied during surgery for varicose veins or inguinal hernia. They received temazepam 20 mg by mouth 1 h before anaesthesia was induced with etomidate 20 mg i.v. The trachea was intubated with the aid of suxamethonium 70 mg i.v. using a plastic tracheal tube (Mallinkrodt), 8.0 mm i.d. for women and 9.0 mm i.d. for men. When spontaneous breathing returned, patients breathed from a T-piece system, through a large-bore tap, a low resistance non-rebreathing valve (Ambu Hesse) and a pneumotachograph (Mercury Electronics F 100 L). The tracheal tube had a narrow integral sampling cannula that opened near its tip to permit the sampling of gas from the trachea. End-tidal samples were taken by intermittent suction on the sampling cannula and passed through an interferometer (Riken). The tracheal tube was connected directly to the measuring apparatus with no abrupt changes in internal diameter or direction of the gas flow. Airway pressure at the valve, and the pneumotachograph pressure, were measured with transducers (Furness MDC micTomanometer) and recorded on a u.v. recorder (Bell and Howell). An i.v. infusion was established. The patients were divided randomly into two groups of five. The first group (O) breathed isoflurane in oxygen and the end-tidal isoflurane concentration was adjusted to 1.5%. The second group (N) breathed isoflurane and 67% nitrous oxide in oxygen and the end-tidal isoflurane concentration was adjusted to 0.75%. This was based on the assumption that 0.7% isoflurane is equivalent to about 70% nitrous oxide (Eger et al., 1972) so that the two groups were at comparable depths of anaesthesia.
Measurements were taken during the surgical procedure, although not within 20 min of the anticipated end of surgery, so that the naloxone would not affect adversely any opioid-induced analgesia that might be required in the immediate postoperative period. A recording was made of airway flow and pressure for three breaths and then the large-bore tap was closed so that inspiration was attempted against an occlusion, for a single breath.
Five separate control measurements were obtained at 1-min intervals. Naloxone 2.0 mg was then given quickly via the i.v. cannula and flushed in with 10 ml of infusion fluid. After 3 min, measurements were repeated at 30-s intervals for 2 min, and then at 1-min intervals for a further 3 min.
The traces were digitized (Terminal Display Systems LC 12) and analysed (BBC B microcomputer) to give values for tidal volumes (FT), inspiratory and total ventilatory cycle durations, and the minimum airway pressure (P mln ) and ventilatory times during the occlusion (Ti 0 and T 101 ,,). The mean inspiratory flow rate (FT/7I) and rate of decrease in airway pressure during occlusion (•f'min/T'O were also calculated for each breath. Mean values of these measurements were calculated for the control period and for the measurements taken between 3 and 5 min after naloxone.
Paired and unpaired t tests were used as appropriate for statistical comparison (Campbell, 1974) .
RESULTS
The characteristics of the patients studied are shown in table I. The groups did not differ significantly.
The mean values for the ventilatory variables in 
DISCUSSION

Methods
Patients were studied when anaesthesia was stable, towards the end of surgery. Because of the possiblity that naloxone would interfere with the action of opioids given to relieve pain after the operation, the naloxone was given more than 20 min before the expected end of the surgical procedure. During this part of the operation, the surgical stimulus was relatively constant and did not involve incision or suturing of the skin. However, the depth of breathing in individual patients did vary from time to time, more than in patients who have had a combined regional and general anaesthetic. With the method of end-tidal sampling and analysis used, the response time of the interferometer was slow (95% response in 30 s), but was adequate to follow the slow changes in end-tidal concentration resulting from adjustment of the inspired isoflurane concentration. The end-tidal concentrations chosen were based on the estimate of equivalent anaesthetic potency described by Eger and colleagues (1972) -that 70% nitrous oxide is equivalent to 0.75% isoflurane. Because of the limits of accurate adjustment of end-tidal isoflurane (±0.1%), no account was taken of the variation of MAC with age.
This study was designed to observe the effects of naloxone given during surgery. It would have been of interest to study the effect of naloxone given to patients who were anaesthetized but not subjected to surgical stimuli, such as during combined regional and general anaesthesia. However, investigation of this possibility would have doubled the size of the study. Since clinical experience suggests that the administration of opioids during anaesthesia, and in association with surgical stimuli, has a clear influence on the pattern of ventilation, this possibility was considered less likely. Surgery causes an increase in ventilation (Eger et al., 1972) and this is partly the result of an increase in carbon dioxide production (France et al., 1974) . Consequently, the assessment of the degree of ventilatory depression that has been caused by the anaesthetic is difficult, and comparison with patients before anaesthesia is not exact. Nevertheless, the findings of Eger and his co-workers (1972) suggest that ventilation remains depressed by isoflurane anaesthesia despite the stimulatory effect of surgery. This stimulation could possibly offset the influence of the endogenous opioids. However, in the presence of surgery, it is also possible that the reversal of the effects of the endogenous opioids would have a more obvious effect, and that surgical stimulation is necessary to cause the release of endogenous opioids. Waldrop, Eldridge and Millhorn (1983) found that a brief painful stimulus in anaesthetized cats caused ventilatory stimulation that decreased over about 5 min and was followed by a period of depression, lasting up to 1 h, that could be reversed by naloxone. In other circumstances, painful stimuli may have to be administered for much longer before endorphin-mediated analgesia becomes apparent. Nevertheless, the present study was limited by the duration of the stimulus applied, and the naloxone was not given until there had been the greatest possible time available for endorphin activation.
The time chosen for assessment of the possible effects of naloxone (3-5 min after injection) was based on clinical experience with the reversal of opioid drugs in patients, and assumes that naloxone acts on endogenous opioid receptor sites as rapidly as it does on the sites of action of administered opioids. No trends were seen to suggest that any effect took longer to become manifest.
Especial attention was paid to measuring the timing of breathing, as opioids influence timing particularly (Drummond, 1984) . Occlusion was used to assess the timing of the ventilatory cycle in the absence of change in lung volume-which may influence timing reflexly-but no effect of naloxone was seen on the timing of the occluded breaths. Occlusion can also be used to measure the output of the ventilatory centre. However, although naloxone reduces the depression of the ventilatory responses to carbon dioxide in volunteers given diazepam, there was no change in occlusion pressure responses in these volunteers (Jordan, Lehane and Jones, 1980) . However, in that study by Jordan and colleagues, a much larger dose of naloxone was used (16 mg) and it is possible that non-specific effects could have been caused by the large dose. In the present study, naloxone 2 mg did not influence ventilatory output-neither inspiratory flow (FT/TI) nor occlusion pressure. In patients with lung disease, however, naloxone, in the same dose as in the present study, has been shown to increase responses during loaded ventilation (Santiago et al., 1981) . In anaesthetized cats, naloxone can increase ventilatory output (Lawson, Waldrop 447 and Eldridge, 1979; Waldrop, Eldridge and Millhorn, 1983) .
The influence of naloxone on other aspects of anaesthesia is controversial, since Finck, Ngai and Berkowitz (1977) first suggested that general anaesthesia could be reversed by naloxone. The analgesic effect of nitrous oxide in man is influenced by naloxone in moderate (Gillman, Kok and Lichtigfield, 1980) or large (Yang, Clark and Ngai, 1980) doses. Another measure of anaesthesia, the righting reflex, is not affected by the administration of naloxone to rats anaesthetized with nitrous oxide (Smith, Wilson and Miller, 1978) . The anaesthetic effect of halothane may be reduced (Arndt and Frey, 1979) or not affected (Bennett, 1978; Harper et al., 1978) by naloxone. Anaesthesia with thiopentone, nitrous oxide and halothane in man does not influence CSF concentrations of P-endorphin (Way et al., 1984) although, in the rat, prolonged anaesthesia with nitrous oxide decreases the density of opioid receptors in the brainstem (Ngai and Finck, 1982) .
Interpretation of many of the studies involving naloxone may be affected by the ability of naloxone, when given in large doses, to act on brain mechanisms other than the opioid system (Sawynok, Pinsky and Labella, 1979 ).
In conclusion, there is some evidence that ventilatory output may be increased in some circumstances by naloxone, and that some of the effects of anaesthetic drugs, particularly those of nitrous oxide, can be reduced by naloxone. However, the present study was not able to demonstrate that naloxone influenced ventilatory pattern or output in patients anaesthetized with isoflurane, with or without nitrous oxide.
